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(54) Method for forming film 

(57) According to a method for forming a film based 
on a thermal CVD method, a fluorine-containing silicon 
oxide film is formed on a substrate (6) by virtue of ther- 
mal reaction of mixed gas under the condition where the 
substrate (6) is being heated. The mixed gas including 
organic silane having Si-F bond, organic silane having 
no Si-F bond, and ozone-containing gas. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present Invention relates to a film forming 
method and. more particularly, a film forming method for 
forming a fluorine containing silicon oxide film in terms 
of a thermal CVD method. to 



there are some cases where the space between adja- 
cent interconnection layers become snrrill rather than 
the space between the upper and lower interconnection 
layers. For this reason, the parasitic capacitance is 
increased. Therefore influence of the parasitic capaci- 
tance on the device characteristics cannot be ignored. 

As one approach for reducing the parasitic capaci- 
tance, it may be considered to reduce the relative die- 
lectric constant (c) of the interiayer insulating film. 
Currently, the followings are taken as countermeasures. 



2. Description of the Prior Art 

In the prior art, most of interiayer insulating layer 
used for semiconductor devices are formed of Si02 film is 
or SiOg-based film. Such Si02-based insulating film is 
of a relative dielectric constant of about 4.0 (measuring 
frequency of 1 MHz). According to the above explana- 
tion, a capacitance C between upper and lower conduc- 
tors sandwiching an interiayer layer, and between 20 
adjacent conductive layers putting the interiayer insulat- 
ing film therebetween might be determined, In other 
words, 

C^i: Q * c * M 25 

Where 

i; 0: dielectric constant in vacuum (=1), 

c : relative dielectric constant of interiayer 30 

insulating film, 

A: overlapping area of upper and lower inter- 

connection layers or opposing area 
between adjacent interconnection layers 
for convenience sake of calculation (How- 35 
ever, it has to be actually taken account 
that contribution of areas between the . 
interconnection layers other than the over- 
lapping area, othenwise contribution of 
areas other than the opposing area 40 
between the interconnection layers), and 

t: film thickness of the interiayer insulating 

film disposed between the upper and lower 

interconnection layers, or a space formed between 45 
adjacent interconnection layers sandwiching the inter- 
iayer insulating film. 

Such parasitic capacitance resides in any kind of 
semiconductor device. However, if a value of such para- 
sitic capacitance is considerably large, either a crosstalk so 
between the interconnection layers would occurs or 
delay would be caused in signal propagation time. In 
particular, if a multilayered structure is utilized in order 
to achieve high integration density of the semiconductor 
device, parasitic capacitance would be increased since ss 
overlapping areas or opposing areas between the inter- 
connection layers are increased. Furthermore, since a 
space between the adjacent interconnection layers is 
narrowed if dimensions of the patterns are made fine, 



(1) Using an organic resin film. It has been reported 
that the interiayer insulating film of the relative die- 
lectric constant of less than u =3.0 is used. 

(2) Using a Teflon-based insulating film. The inter- 
iayer insulating film of the relative dielectric con- 
stant of less than u =3.0 has been reported. 

(3) Using an SiBN film or SiOBN film. An example 
has been reported in which the interiayer insulating 
film is formed by sputtering. 

(4) Using either an SiOj film with Si-F bond or Si02 
film including F. 

However, in the cases of (1) and (2). since the inter- 
iayer insulating film is formed of the substance which is 
totally different from SiOa. sufficient reliability and stabil- 
ity of the film cannot be achieved. In addition, evaluation 
for its application to the devices has not progressed, 
and therefore applicability of such insulating film is not 
certain or confirmed in practical use- 
In turn, in the cases of (3). since such insulating film 
has high hygroscopicity. it is not suitable for application 
to the semiconductor device. Moreover, this is a method 
for forming a BSG film by causing SiOB source (organic 
compound having SiOB bond, for instance, tristrimethyl- 
silylborate) to react with ozone to form the BSG film, 
which is in the middle of research and development. 

Besides, in the cases of (4), the fluorine (F) - con- 
taining silicon oxide film may be formed by various 
ways, and technique for providing about 3.4 to 3.6 as 
the value of relative dielectric constant (u) is being 
investigated and developed. At all events, it is important 
to form the fluorine • containing silicon oxide film which 
is stable in quality. 

In the prior art, the followings may be exemplified as 
the method for forming the fluorine - containing silicon 
oxide film. 

(1) Hydrolysis of fluorotriethoxysilane 
(SiF(OC2H5)3). 

(2) Plasma CVD method using triethoxysilane 
(TEOS). C2F6, and oxygen (O2). 

(3) Plasma CVD method or ECR plasma CVD 
method using SiF4 and oxygen (O2), and 

(4) Plasma CVD method using SiF(OC2H5)3 and 
oxygen (O2). 

In the above methods, the plasma CVD method is 
employed as the film forming method except for the 
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method (1). The values t =3.4 to 3.6 of relative dielectric 
constant have already been achieved by these meth- 
ods. 

However, these fluorine containing silicon oxide 
films are prone to absorb moisture, as a result of which 
a relative dielectric constant of the silicon oxide films is 
increased. In other words, the silicon oxide films are 
inferior in water resistance. 

In particular, If being formed by the plasma CVD 
method, the silicon oxide films exhibit poor step cover- 
age, so that they are not suitable to be filled into minute 
spaces. Although ECR plasma CVD method is the most 
stable one of various plasma CVD methods, it is not fit- 
ted for mass production because of its large scaled 
equipment. In addition. SiF(OC2H5)3 has Si-F bond 
originally as source material, but it is difficult to keep the 
bond in the plasma as it is and therefore it is hard to 
accomplish the silicon oxide film in which fluorine is con- 
tained properly by controlling fluorine density. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
film forming method capable of forming a fluorine - con- 
taining silicon oxide film which is superior in step cover- 
age, of a small relative dielectric constant, and stable in 
film quality. 

In the present invention, organic silane having Si-F 
bond is used as a source gas by the inventors. This 
source gas is extremely easy to be decomposed, and 
thus hydrolysis and oxidation reaction of the source gas 
are caused at the normal temperature; In order to sup- 
press such decomposition, organic silane having no Si- 
F bond has to be added to the source gas in proper 
quantity. The fluorine - containing silicon oxide film is 
formed by virtue of reaction of the source gas with 
ozone in the situation where a substrate is being 
heated. At this time, it is preferable that the substrate 
temperature is held in the range of 300 to 400 '^C to 
accomplish proper deposition rate and good quality of 
the silicon oxide film. 

in the fluorine - containing silicon oxide film formed 
as mentioned above, relative dielectric constant can be 
controlled according to an amount of contained fluorine. 
As a rule, the more an amount of contained fluorine, the 
lower the relative dielectric constant. Since the fluorine - 
containing silicon oxide film is formed by thermal CVD 
method, it is superior in step coverage. 

Furthermore, with the use of reforming process for 
exposing the fluorine - containing silicon oxide film to 
oxygen or nitrogen plasma, moisture contained in the 
film can be removed to thus lower the relative dielectric 
constant much more. In addition, denseness of the sili- 
con oxide film can be increased by plasma irradiation 
process to thus result in increased water resistance of 
the silicon oxide film. Consequently, variation in the rel- 
ative dielectric constant with elapsed time can be sup- 
pressed and therefore low relative dielectric constant 
can be maintained. 



BRIEF DESCRIPTION OF THE. DRAWINGS 

FIG.1 is a schematic view showing a film forming 
apparatus for use in formation of a fluorine - con- 

5 taining silicon oxide film according to an embodi- 
ment of the present invention; 
FIG.2 is a schematic view showing a plasma 
processing apparatus for use in plasma processing 
of the fluorine - containing silicon oxide film accord- 

10 ing to the embodiment of the present invention: 

FIG.3 is a characteristic view illustrative of a rela- 
tionship between deposition rate and deposition 
temperature of the fluorine - containing silicon oxide- : 
film formed by a film forming method according to 

15 the embodiment of the present invention: 

FIG.4 is a characteristic view illustrative of a rela- 
tionship between deposition rate and flow rate of F- 
TES of the fluorine • containing silicon oxide film 
formed by the film forming method according to the 

20 embodiment of the present invention: 

FIG.5 is a characteristic view illustrative of a rela- 
tionship between refractive index and deposition 
temperature of the fluorine - containing silicon oxide 
film formed by the film forming method according to 

25 the embodiment of the present invention: 

FIG.6 is a characteristic view illustrative of a rela- 
tionship between refractive index and flow rate of F- 
TES of the fluorine - containing silicon oxide film 
formed by the film forming method according to the 

30 embodiment of the present invention: 

F1G.7 is a characteristic view illustrating the results 
of infrared absorption in the fluorine - containing sil- 
icon oxide film formed by the film forming method 
according to the embodiment of the present inven- 
ts tion after it being subjected to plasma irradiation 
process; and 

FIG.8 is a characteristic view illustrating a quality 
improving effect due to the plasma irradiation proc- 
ess on the fluorine - containing silicon oxide film 
40 formed by the film forming method according to the 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

45 A film forming system which is used to form a fluo- 
rine - containing silicon oxide film according to an 
embodiment of the present invention will be explained at 
first hereinafter with reference to F1G.1. 

FIG.1 is a schematic view showing a configuration 

50 of a thermal CVD apparatus comprising a reaction gas 
supplying section and a film forming section. 

As shown in FIG.1 . a wafer loading table 2 having a 
built-in heater therein and a gas discharging portion 3 
are furnished with a film forming chamber 1 . An exhaust 

55 port 4 and a gas introducing port 5 are provided in the 
film forming chamber 1 . Reaction gas is introduced from 
the gas introducing port 5 into the film forming chamber 
1 via a pipe 7 while unnecessary reaction gas is 
exhausted from the exhaust port 4 to the outside of the 
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film forming chamber 1. Mixed reaction gas is supplied 
to the pipe 7 from the reaction gas supplying portion. 
The reaction gas supplying portion is equipped with a 
plurality of branch pipes which are connected to respec- 
tive gas sources corresponding to gas to be used. In the 5 
embodiment of the present invention, the branch pipes 
comprise a first branch pipe for supplying nitrogen gas. 
a second branch pipe for supplying ozone (O3) contain- 
ing oxygen , gas. a third branch pipe for supplying 
organic silane with Si-F bond. e.g.. fluorotriethoxysilane 10 
(F-TES). and a fourth branch pipe for supplying organic 
silane without Si-F bond. e.g.. tetraethoxysilane 
(TEOS). 

To the first branch pipe are provided a port for intro- 
ducing nitrogen gas. a mass flow controller (MFC) 8a. i5 
and a switching valve 9 which may cut off/introduce gas 
flow. In the course of the second branch pipe between a 
port for introducing oxygen gas and the pipe 7 are inter- 
posed a mass flow controller (MFC) 8b, an ozone gen- 
erating unit 10. and switching valves 9 which may cut 20 
off/introduce gas flow. The ozone generating unit 10 
may convert oxygen gas into ozone in proper quantity 
so as to adjust the ozone density in oxygen gas. 

To the third branch pipe are provided an introducing 
port for carrier gas (nitrogen gas), a mass flow controller 25 
(MFC) 8c, a container 11 containing F-TES solution 13 
therein, a heater 12 for heating the F-TES solution 13. 
and switching valves 9 which may cut off/introduce gas 
flow. Nitrogen gas including F-TES in virtue of bubbling 
of the carrier gas (nitrogen gas) can be supplied to the 30 
pipe 7. 

In the middle of the fourth branch pipe between a 
port for introducing carrier gas (nitrogen gas) and the 
pipe 7 are interposed a mass flow controller (MFC) 8d. 
a container 14 containing TEOS solution 16 therein, a 35 
heater 15 for heating the TEOS solution 1 6. and switch- 
ing valves 9 which may cut off/introduce gas flow. Nitro- 
gen gas including TEOS in virtue of bubbling of the 
carrier gas (nitrogen gas) can be supplied to the pipe 7. 

Subsequently, referring to FIG.1. there will be 4o 
explained a method for forming the fluorine - containing 
silicon oxide film according to the embodiment of the 
present invention based on an atmospheric pressure 
CVD method. 

First a wafer 6 is placed on the wafer loading table 45 
2 positioned at the bottom of the film forming chamber 1 
and then heated. For purposes of experiment, the tem- 
perature of the wafer, 6 is varied film by film within the 
range of 100 to 350 *C. 

In turn, the F-TES solution 13 is heated and then so 
held at the temperature of 40 '^C. At the same time, the 
TEOS solution 16 is heated and then held at the tem- 
perature of 65 *'C. 

Next, all switching valves 9 provided on respective 
branch pipes are opened. More particularly nitrogen 55 
gas is supplied at flow rate of 18 SLM to the pipe 7 via 
the first branch pipe, oxygen gas including ozone by 2.4 
% is supplied at flow rate of 7.5 SLM to the pipe 7 via the 
second branch pipe, nitrogen gas including F-TES is 



supplied to the pipe 7 via the third branch pipe, and 
nitrogen gas including TEOS is supplied at flow rate of 
2.0 SLM to the pipe 7 via the fourth branch pipe. These 
gases are then mixed and supplied to the film forming 
chamber 1 . For purposes of experiment, flow rate of 
nitrogen gas including F-TES is varied within the range 
of 0.5 to 3.0 SLM. 

Mixed gas is discharged toward the wafer 6 from 
the gas discharging portion 3 in the film forming cham- 
ber 1 to start film forming processes. With holding such 
condition for a predetermined time, the fluorine - con- 
taining silicon oxide film is formed on the wafer 6 to have ^ 
a predetermined thickness. 

FIG.3 shows a correlation of the deposition rate 
with the deposition temperature. An ordinate represents 
the deposition rate (nm/min) in linear scale while an 
abscissa represents the deposition temperature (°C) in 
linear scale. The flow rate of F-TES is kept constant at 
2.0 SLM. As shown in FtG.3, the deposition rate 
assumes its maximum value of about 250 nm/min at 
almost 250 °C. 

FIG.5 shows a relationship between the refractive 
index of the fluorine - containing silicon oxide film 
obtained and the deposition temperature. An ordinate 
represents the refractive index in linear scale while an 
abscissa represents the deposition temperature (°C) In 
linear scale. The flow rate of F-TES is maintained con- 
stant at 2.0 SLM. 

As shown In F1G.5, the refractive index is about 
1.385 at the deposition temperature of 180 °C. The 
refractive index is then increased linearly with the 
increase in the deposition temperature. Finally the 
refractive index becomes about 1.425 at the substrate 
temperature of 350 ^'C. 

With this change of the refractive index, it can be 
understood that fluorine is hard to be introduced in the 
film as the deposition temperature is increased. In other 
words, the lower the deposition temperature, the 
smaller the refractive index. 

A relationship between the flow rate of F-TES and 
the deposition rate is shown in FIG. 4. An ordinate rep- 
resents the deposition rate (nm/min) in linear scale 
while an abscissa represents the flow rate of F-TES 
(SLM) in linear scale. The substrate temperature is held 
constant at 280 °C. 

As shown in FIG.4, the deposition rate is increased 
linearly with the increase in flow rate of F-TES. and the 
deposition rate reaches about 230 nm/min at the flow 
rate of F-TES of 3.0 SLM. 

FtG.6 shows a relationship between the refractive 
index of the fluorine - containing silicon oxide film 
formed and the flow rate of F-TES. An ordinate repre- 
sents the refractive index in linear scale while an 
abscissa represents the flow rate of F-TES (SLM) in lin- 
ear scale. The substrate temperature is kept constant at 
280 °C. 

As shown In FIG.6. the refractive index is about 
1 .42 at the flow rate of F-TES of 0.5 SLM. The refractive 
index is then decreased gradually with the Increase in 
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the flow rate of F-TES. Finally the refractive index 
becomes about 1.36 at the flow rate of F-TES of 3.0 
SLM. It would be appreciated from the above that fluo- 
rine is easy to be introduced in the film as the flow rate 
of F-TES is increased. In other words, the more the flow 
rate of F-TES, the smaller the refractive index. 

In the fluorine - containing silicon oxide film formed 
as mentioned above, relative dielectric constant can be 
controlled according to an amount of contained fluorine. 
In general, the more an amount of contained fluorine, 
the lower the relative dielectric constant. Since the fluo- 
rine - containing silicon oxide film is formed by thermal 
CVD method, it is superior in step coverage. 

Then, after the film being formed, plasma process 
is carried out by the plasma processing apparatus 
shown in FIG.2. 

in FIG.2. the wafer 6 on which the fluorine - contain- 
ing silicon oxide film is formed is placed on the wafer 
loading table 18 of the plasma processing apparatus. 
The wafer 6 is then heated and thereafter maintained at 
370 °C. 

Succeedingly. an inside of a chamber 17 is 
exhausted to lower the pressure. After the pressure in 
the chamber 1 7 reaches predetermined reduced pres- 
sure, the gas is introduced from the gas introducing port 
20 into the chamber 17. With the use of oxygen (O2) 
and nitrogen (Ng) as the introduced gas respectively, for 
the sake of experiment, advantages obtained are com- 
pared with each other. 

Next, an electric power of 400 W having a fre- 
quency of 13.56 MHz is applied from a power source 22 
to an upper electrode 19. and at the same time an elec- 
tric power of 400 W having a frequency of 100 kHz is 
applied from a power source 23 to a lower electrode 18. 
Consequently, the gas is plasmanized and the wafer 6 is 
biased negatively,, so that the fluorine - containing sili- 
con oxide film formed on the wafer 6 is subjected to irra- 
diation of plasma 24. After about 300 sec is elapsed, 
plasma irradiation is ceased and then the wafer 6 is 
taken out of the chamber 1 7. 

Then, the measured results of the infrared absorp- 
tion characteristics after plasma irradiation are shown in 
FIG.7. An ordinate represents the absorption intensity 
in arbitrary unit while an abscissa represents the 
number of wave (cm***) in linear scale. Three kinds of 
measured results, i.e.. results obtained immediately 
after film formation, after plasma irradiation for 180 sec, 
and 300 sec, are compared with each other in FIG.7. 

In FIG.7, although a Si-OH.peak remains immedi- 
ately after film formation, it can be reduced after plasma 
irradiation for 180 sec and then it can disappear com- 
pletely after plasma irradiation for 300 sec. This means 
that moisture which is included in the fluorine - contain- 
ing silicon oxide film immediately after film formation 
can be removed by plasma irradiation process. In addi- 
tion, since denseness of the silicon oxide film can be 
increased by plasma irradiation process, water resist- 
ance of the silicon oxide film can be improved. As a 
result, variation in the relative dielectric constant with 



elapsed time can be suppressed and therefore low rela- 
tive dielectric constant can be maintained. 

Next, a reforming effect due to the plasma irradia- 
tion process on the fluorine - containing silicon oxide 
5 film formed will be illustrated in a Table of FIG.8. Where 
triethoxysilane (TES) is used as organic sitane including 
no fluorine. 

As shown in FIG.8, the relative dielectric constant u 
can be lowered by enhancing a mixing ratio of the 

10 organic silane including fluorine to the organic silane 
including no fluorine to show the value of 3.2 to 3.4 after 
the plasma irradiation is carried out. Even in the event 
that the mixing ratio is enhanced, the silicon oxide film- 
still has the large relative dielectric constant c unless the 

15 plasma irradiation is carried out. In the above plasma 
process, the process gas using oxygen gas is of advan- 
tage to the small relative dielectric constant rather than 
that using nitrogen gas. 

With the above, it can be appreciated that the rela- 
te tive dielectric constant may be lowered much more and 
advantage derived from included fluorine may be 
enhanced much more if the plasma process is carried 
out after film formation. 

In the above embodiment, fluorotriethoxysilane (F- 

25 TES) which is fluoroalkoxysiiane has been used as 
organic silane having Si-F bond. However, other fluoro- 
alkoxysiiane (StFn(0R)4,n. n=:1 to 3, R is alkyi group, 
aryl group, or their derivative), fluoroalkylsilane (SiFnR4. 
n, n=1 to 3. R is alkyI group, aryl group, or their deriva- 

30 tive), chain fluorosiloxane (RnF3.nSiO(RkF2.kSiO)mSiF3. 
nRn. n=1 . 2. k= 0 to 2. m^O, R is alkyI group, aryl group, 
or their derivative), or ring fluorosiloxane ((RkF^a.kSiO)^. 
k=1, me2, R is alkyl group, aryl group, or their deriva- 
tive) may be used as organic silane having Si-F bond. 

35 In addition. TEOS or TES which is alkoxysilane has 
been used in the above embodiment as organic silane 
having no Si-F bond. However, other alkoxysilane 
(SiHn(0R)4.n, n=1 to 3. R is alkyl group, aryl group, or 
their derivative), aikylsiiane (SiHnR4.n, n=1 to 3. R is 

40 alkyl group, aryl group, or their derivative), chain 
siloxane {RnH3.nSiO(RkH2.kSiO)mSiH3.nRn. n=1 . 2. k= 0 
to 2, msO. R is alkyl group, aryl group, or their deriva- 
tive), or ring siloxane ((RkHa.kSiO)^. ^=1. ms2. R is 
alkyl group, aryl group, or their derivative) may be used 

45 as organic silane having no Si-F bond. 

As has been explained, according to the film form- 
ing method of the present invention, the fluorine - con- 
taining silicon oxide film is formed by thermal CVD 
method using organic silane having Si-F bond as a 

50 source gas. 

The relative dielectric constant of the fluoride - con- 
taining silicon oxide film formed as mentioned above 
can be controlled by adjusting an amount of contained 
fluorine. In general, the more an amount of contained 

55 fluorine, the lower the relative dielectric constant. Since 
the fluorine - containing silicon oxide film is formed by 
thermal CVD method, it is superior in step coverage. 

Furthermore, with the use of reforming process for 
exposing the fluorine - containing silicon oxide film to 
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oxygen or nitrogen plasma, moisture contained in the 
film can be removed. In addition, denseness of the sili- 
con oxide film can be increased by plasma irradiation 
process to thus increase water resistance of the silicon 
oxide film. Thereby, variation in the relative dielectric 
constant with elapsed time can be suppressed and 
therefore low relative dielectric constant can be main- 
tained. 

Claims 

1 . A method for forming a film comprising the step of 
forming a fluorine-containing silicon oxide film on a 
substrate (6) by means of thermal reaction of mixed 
gas white. said substrate (6) is being heated, said 

. mixed gas including organic silane having Si-F 
bond, organic silane having no Si-F bond, and 
ozone-containing gas. 

2. A method for forming a film according to claim 1, 
wherein said fluorine-containing silicon oxide film is 
formed at atmospheric pressure. 

3. A method for forming a film according to claim 1 or 
2. wherein said organic silane having Si-F bond is 
composed of fluoroalkoxysilane (SiFn(0R)4.n. n=1 
to 3, R is alkyi group, aryl group, or their derivative), 
fluoroalkytsilane (SiFnR4.n. n=1 to 3, R is alkyI 
group, aryl group, or their derivative), chain f luorosi- 
loxane (RnF3-nSiO(RkF2.kSiO)rnSiF3.nRn, n=1. 2, 
k= 0 to 2, msG, R is alkyI group, aryl group, or their 
derivative), or ring fluorosiloxane ({RkFa.kSiO)^. 
k=1 , m^2, R is alkyI group, aryl group, or their deriv- 
ative). 

4. A method for forming a film according to claim 1 or 
2, wherein said organic silane having no Si-F bond 
is composed of alkoxysilane (SiHn(0R)4.n. n=1 to 3, 
R is alkyI group, aryl group, or their derivative), 
alkylsilane (SiHnR4.n. n=1 to 3. R is alkyl group, aryl 
group, or their derivative), chain siloxane (RpHs. 
nSiO(RkH2.kSiO)mSiH3.nRn. n=1. 2, k= Oto 2, m^O. 
R is alkyl group, aryl group, or their derivative), or 
ring siloxane {{RkH2.kSiO)m. k=1, ms2 R is alkyl 
group, aryl group, or their derivative). 

5. A method for forming a film according to claim 1 , 2. 
3 or 4. wherein said ozone-containing gas is com- 
posed of ozone (O3) and oxygen (O2). 

6. A method for forming a film according to claim 1. 
further comprising the step of exposing said fluo- 
rine-containing silicon oxide film to plasma includ- 
ing at least one of oxygen and nitrogen under the 
condition where said substrate is being heated after 
said fluorine-containing silicon oxide film is formed 
on said substrate. 

7. A method for forming a film according to claim 6, 



wherein said plasma including at least one of oxy- 
gen and nitrogen is plasma of O2, NO. NO2. or N2O. 
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